The robust design of Pollock (1982) was used to estimate parameters of a Maryland Microtus pennsylvanicus population. Closed model tests provided strong evidence of heterogeneity of capture probability, and model Mh was selected as the most appropriate model for estimating population size. The Jolly-Seber model goodness-of-fit test indicated rejection of the model for this data set, and the Mh estimates of population size were all higher than the Jolly-Seber estimates. Both of these results are consistent with the evidence of •heterogeneous capture probabilities. We thus used Mh estimates of population size. Jolly-Seber estimates of survival rate, and estimates of birth-immigration baised on a combination of the population size and survival rate estimates. Advantages of the robust design estimates for certain inference procedures are discussed, and the design is recommended for future small mammal capture-recapture studies directed at estimation.
models that permit estimation of population size under various assumptions of unequal capture probabilities.
Recently, we tested the applicability of the robust design in a capturerecapture study of a Microtus pennsylvanicus population. Here we present results of that experiment in order to illustrate the robust design and demonstrate its utility in small mammal studies. We also discuss advantages of robust design estimators for use in certain inference procedures.
II. METHODS
A livetrapping grid was set out in November, 1980, by R. K. Rose in old field habitat at Patuxent Wildlife Research, Center, Laurel, MD. The grid contained a 10X10 matrix of trapping stations spaced at 7.6 m intervals. A single modified Fitch live trap (Rose, 1973 ) was placed at each station. Hay and dried grass were placed in the nest box sections of the traps and whole corn was used as bait.
Primary sampling periods for the robust design experiment occurred monthly from June, 1981 , until December, 1981 . Within each primary period, traps were set one evening, run the following morning, locked open during the day, andi reset in the evening. This procedure was repeated for 5 consecutive days within each of the 6 monthly periods. A raccoon, Procyon lotor, (later captured) visited the grid and tipped over a substantial number of traps on the final 2 days of trapping for the second of the 6 monthly periods. Data from these 2 days were not used in the closed model analysis leaving only 3 trapping days in the second month.
At each capture animals were sexed and weighed and information on external reproductive characteristics obtained. Unmarked animals were ear-tagged with numbered fingerling tags, and tag numbers of marked animals were recorded.
Subadult and adult animals (>22 g, Krebs et al., 1969) of both sexes were combined in our analysis. Jolly-Seber open model estimates of survival rate and population size were obtained using the bias-adjusted estimates recommended by Seber (1973 :204) . We report the conditional variance estimates that reflect only sampling variation or "error of estimation" (Jolly, 1965 :238) . Fit of the data to the Jolly-Seber model was assessed using a goodness-of-fit test recently proposed by Pollock, Hines & Nichols (in prep.). Closed model estimates, goodness-of-fit statistics and model selection statistics were computed using the methodology and algorithm (CAPTURE) of Otis et al. (1978 ; also see White et al., 1978) .
III. RESULTS

The Microtus
population was high throughout the experiment. We captured 311 individual animals a total of 1978 times. Primary sampling period capture histories and secondary period histories are summarized in Tables 1 and 2 , respectively.
The closure test in program CAPTURE indicated rejection of the closure hypothesis for the first sampling period but not for any other Table 1 Capture history data over primary sampling periods summarized in Leslie Method B (Table 3) . Table 3 Test statistics for population closure and Mh goodness-of-fit based on data in Table 2 . The goodness-of-fit test statistic for the Jolly-Seber model indicated strong rejection of the model for our data set (x 2= 30.9, 5 df, P<0.01). This test is sensitive to heterogeneity of capture probability when average capture probability is high (Pollock et al., in prep.) , and test results are thus consistent with the evidence of heterogeneity provided by the closed models.
Population size estimates were computed using both the Joll'y-Seber open model and the closed model, Mh (Table 4) . Jolly-Seber estimates can be computed for months 2-5, while closed model estimates can be computed for each period, 1-6. The Mp. estimates of average capture probability (this represents the probability that an animal will be caught on any particular day or secondary sampling period) ranged from 0.35 to 0.56 and produced fairly precise Ni. The Jolly-Seber estimates of -capture probability (this represents the probability that an animal will Table 4 Comparison of Microtus population size estimates using population model Mn (robust procedure) and using the Jolly-Seber model. Standard errors are given in parentheses. be captured at least once during a 5-day or primary sampling period) are very high (mean, p=0.91) and the Jolly-Seber population size estimates, Nt, are thus very precise (small standard errors). Jolly-Seber fli are negatively biased in the presence of heterogeneity, but bias should be relatively small when capture probability is high (Carothers, 1973; Gilbert, 1973). Nevertheless, in every month for which a comparison is possible, the population estimate based on Mh is higher than the JollySeber estimate (Table 4) . Thus, despite the greater precision of the JollySeber estimates, we prefer the Mh estimates which should exhibit lower bias. We also note that Jolly-Seber capture probabilities would be lower with the 2-or 3-day trapping periods characteristic of most small mammal studies. This would produce less precision and more bias in the Jolly-Seber Ni.
Primary
The Jolly-Seber survival rate estimator cpi, is robust to heterogeneity of capture probability (Carothers, 1973) and is not biased by permanent trap response (Nichols et aX. } 1983) . We thus believe that our survival Table 5 Estimated survival rates and numbers of new animals entering the population. Survival rates are estimated using the Jolly-Seber model, and numbers of new animals are estimated using both the robust procedure and the Jolly-Seber model. Standard errors are given in parentheses. (Table 5 ). Because of our high capture probabilities, these estimates are very precise (Table 5) (Table 5) . Jolly-Seber
A
Bi are more precise than the robust Bt, but the latter should exhibit less bias.
IV. DISCUSSION
This example illustrates well the potential importance of the robust design to small mammal capture-recapture studies. The design produced very precise estimates of survival' rate, population size and recruitment which would permit powerful tests of hypotheses dealing with small mammal population ecology. The closed model tests (Table 3 ) strongly indicated heterogeneity of capture probabilities, and model Mh permits robust estimation of population size in this situation. Since heterogeneity is believed to be common among small mammals (see Smith et al., 1975) we believe the robust design will often be preferable to the Jolly-Seber methodology.
Lefebvre et al. (1982) used a trapping schedule which permitted estimation of Sigmodon hispidus population size using both closed and open models. They found strong evidence of heterogeneity of capture probability, as we did, and used Mh as the most appropriate closed model in the majority of sampling periods. They did not find a consistent directional relationship between Jolly-Seber and closed model population estimates (i.e., the estimates were similar, but 1 was not always larger than the other). Perhaps heterogeneity was really not a problem during the several sampling periods in which they failed to detect it. They did not test the goodness-of-fit of the Jolly-Seber model, and they did not exploit the ability of their design to yield robust estimates of <pi and Bi.
Although the robust design was developed to permit robust parameter , 1983) , we note that Jolly-Seber estimates of survival rate and population size also exhibit a sampling correlation. By using different types of data to estimate Ni and (pi, the robust design yields independent estimates of these parameters which can be used to address questions about true functional relationships.
As noted by Pollock (1982), the major problem associated with the robust design is the large trapping effort required. Otis et al. (1978) recommend a minimum of 5 days of trapping for good performance of their closed population models, and this represents a substantial effort to be expended at each primary trapping period. However, many small mammal studies involve 2-3 days trapping every 2 weeks. Redistribution of sampling to 5 days every month would represent similar effort and would produce the advantages of robust and precise estimation of population size, survival rate, and recruitment. We therefore recommend this design for future small mammal capture-recapture studies aimed at estimating demographic parameters.
